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The histology of the cerebral Jieiiiispliere of tlie eiim lias been 
extensiyely studied by Craigie (lOdoa, 19351), 1940) and three 
diagrams of the hemisphere Iirat been published. Drawings of the 
whole bi-ain have also appeared in the literature (Strong, 1911; 
Ivhenzi, 1918), and a jihotograph was published by Anthony 
(1928). No description of the whole brain, however, is to be 
found. Since the emu is, next to the ostri(4i, our largest living 
bird, and since it belongs to a taxonomically controversial grou]), 
it seems of value to describe the brain and compare it with the 
lirains of other birds. ^Ioreovei‘, the emu is considered, by Py- 
ci*aft (1900) and many others, to lx* one of the most primitive of 
birds. The concept of primitiveness’' will be considered in 
the discussion at the end of this pajier. 


MATERIAL 

Three specimens of Droinanis i}ora(hollandiai wei*e coll(‘cted 
by S. 4. 4. Davies in Xovemben- 1960 in Western Australia for 
Professor hjrnst ]\Iayr, Diivctoi- of the Harvard iMuseum of Com¬ 
parative Zoology. Two of them were kindly given to us by Pi*o- 
fessor ]Mayr for neurological study. The heads had been cut off 


1 'Phis spellinjr of Dromavus is not tin* out* nooectotl by sonn* nowor oliocklists. 
but becaiist* Ih'omicvius tan altornativo spt'Iling') is the peritetiiation of a grapho- 
lo^-ical error (X^ewton, IShb) and bt'cause Dromaius is a less proper I«‘itiuization, 
it seems ix'tter to use the older form. 

2 From the Miisfiiin of Foiiiparative Zoolopry and the Department ttf Neurolojry 
and P.syehiatry, Harvard Fniversity, and the Laboratory for Psychiatric Research, 
Massachusetts (i<*ueral Hospital. 

This investigation has been ai<l«*d b 3 * grants from the Foundations Fuu<l for 
Psychiatry and the National Institute of Neurological Disease and Blindness, 
grant ii:(>3429-02. 
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niid skiiiiKHl, tli(* (‘y(‘s had btMoi rcMiiovod, and tlu' s|)(‘ci]iu*iis had 
hiMMi fix(‘d ill 10 ])(*!' cent formalin solution in the fi(‘ld. After 
about two months tlie heads w(‘re jiaeked in moist eondition and 
shij)i)ed in eellojdiam* l)a^’s to tlie Tnited Stat(‘s. Here tlie brains 
were rimioved from the skulls aftei* making- pliotograplis of vari¬ 
ous stages of the disseetions. The lirains were then fixed in fresh 
neutral formalin solution (10 ]:)er eent) for a month. One lirain 
(that of Emu #85) was divided into its eomjionent jiarts foi- 
W(‘ighing and s])(‘eial histologii'al studies. The other brain (Emu 
#104) was remov(‘d, pliotograjihed, fixed for a month in 10 jier 
eent formalin as abov{% and embiRlded whole in ('elloidin for 
serial sectioning. Both are brains of adult males. The first (#85) 
a])p(‘ars soimAvliat larger and weiglied 27.7 grams; the s(‘eond 
(#104) weigh(*d 25.1 grams. 

DESt^KIPTlOX 

The ])osition of an avian brain within the skull is determiiUHl 
by many develo]nmmtal factors. The most obvious ar(‘ tin* shape* 
of the bilk tlie size and ])osition of the (\v(*s, the habitual ])ostur(* 
of the bii'd, and the size and sha])(‘ of the brain itself. Starck 
(1!)55) has given an (‘xe'elh'iit diseuission of these relationsliips 
and emphasizes tlie imjiortance of the size of the eye and the 
position of the* orbit. One way of describing the jmsition of the* 
brain is to measure the angle betw(‘en tin* cerebi-al axis and tin* 
axis of the liill (Oobb, 1!)5!)). In the emu this angle is about 27 
(see Fig. 1). an angle soiiu'wliat smaller than tliat of the gull 
(Tjtnis (frgoftrftus: 44°) and the grons(* {Honasa umhcUux: 46°), 
but distinctly griRiter tliaii that of tlu* cormorant {Phahicrocovax 
((iiritus;: 15 ) whii'h has tin* straightest (most exti^nded) type of 
skull and an excejitionally small lirain-bill angh*. 

Besides sliowing the ri'lation of tin* brain to the skull. Figure 
1 shows tlie olfac'tory bulb and irn'iiiliranoiis sac of the olfactory 
nasal chamlxu*; the bulb s(*(*ms to be in direct contact with tlu* 
chamber, but clos(*r scrutiny siiows that tlnuT is a space bridged 
by the shoi-t olfaidory mn-ves. AVhen the light, dijiloii* bone of 
the hill is r(*inoved, tin* sac which forms the lining of the olfactory 
chamher is reveahnl. It is a fairly tough structure containing 
blood vessels and many nervi* fibers. It is crossed anteriorly by a 
branch of tin* first division of tin* trigeminal nerve. Tin* main 
nerve trunk of tliis division is seen jiassing through the orliit. close 
to tin* optic m‘rv(* and up to a point just b(‘low the olfaetoi-y bulb. 
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This is tli(‘ main simsory ih‘ 1 -v(‘ from th(‘ bill, iiinervatiin^ the skin 
am] vihi'issae. Its lai‘g'(‘ size sii^'^’ests that taetile sense* in tlu‘ bill 
is aent(‘ and impoi’taiit. 

On o})(min^^ tln^ olfactory (diamber, the most i)ostt‘rior of the* 
thi’(*(‘ nasal ehambers, a well-deveIo])ed tnrbinal mound (snpei*ioi' 
or olfactory eonelia) is seen on the Iat(‘ral wall. It is covered with 
a soft, yellowish epithelium, whieh becomes thinner and less 
yellow as it spreads out over the dorsal and mesial aspects of the 
(diambei*. A vertical section throu^'h the nasal chambers of the 
bill at this level (Fi<*\ 3) reveals that the concha is raised to a 
heig‘ht of about o mm. and is sli«-htly constricted at its base, but 
is not folded into a sjiiral like tin* eomrhae of some vultures and 
albatrosses tBan^. IfKiO). A si^eeimen foi* mieroscopic examina- 
tioi] was taken from the dorsal surface of the olfactory chaujber: 
it shows cells and eilia typieal of olfactory epithelium. About 
5 (mi. anterior to the olfactory concha there is a large nostril 
(Fig. 1), which is the external op(ming of the anterioi* nasal 
(diamber. 

Th(‘ emu has large eyes and the orbits art^ spacdoiis. As one 
sims in Figure 1 the brain lies mostly behind the orbit with the 
olfactory ehambers in the bony structures just in front. The 
o])tic nerve enters the ehiasm and passes directly to the optic 
lobe of the opposite side of the midbrain (Fig. 2C). The large 
fascicles of nerve fibers can be seen as they cross. The optic lobe 
is a large and conspicuous strmdurc* ( Figs. 1. 211 and 2(’). In the 
lateral view only about one-fifth of it is covered by the ovei’lying 
hemispliere. In Figure 2B (in which the parts of the brain are 
slightly separated ) the ivlation of the optic lobe to hindbi*ain 
and forebrain is emphasized. It is ch*arly a part of the midbrain. 
In fact, th(^ optic lobes are homologin^s of the corjiora bigemina 
of reptil(‘s, and of the anterioi* corpora (piadrigemina of mam¬ 
mals. They have taken a venti'olatin-al position in birds, ])erhaps 
because it was easier there to make room for the extraordinai-y 
t(‘(dal development in this class of vertebrat(^s. 

The emu brain when viewed fi*om above (Figs. lA and 2A) 
imjiresses one 1 a' its triangular shape, with cerebral hemispheres 
broad posteriorly and narrow anteriorly. The olfactory bulbs 
protrude, forming the anterioi* ]:)oIe of the hemisphere. On the 
vertex the two sagittal elevations of hy])erstriatum stand out coii- 
s])icuously and are separated from the lateral parts of the hemis¬ 
pheres by a distinet sulcus, the valhMuda (Portmann and Stinge- 
lin, 1961). 
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The cM‘i’e]j(41uin is lar^’ei* in ('()]ii])aris(>ii to the forebraiii than 
ill passerine birds. It has a greater (lianiet<‘r doi'soventrally than 
latei-ally ( Figs. 1 and 12) altliongh tin* aurieles i)rotriide laterally 
(HI (‘aeh side. Tliese lolx's, eomposed of fioei-ulns and nodul(\ arc' 
the only ones that eoinplieate the simple eonfoi-mation of the 
eercdiellnin. the corpus cerelxdli being largely a mid-line organ 
corres])Oiiding to the' vermis of mammals. Between the anterior 
sni-faee of the cerc'hellum (eulmen and declive) and the ])Ost(*rior 
])o]es of the cerebral hemispheres there is ample space for the 
pineal stalk and gland. 

The lateral view of the brain (Fig. 2B) shows the relative sizes 
of the main subdivisions. For this photograph the forehrain, 
midbrain, and hindbi-ain were slightly ])ulled a])art. The hemi¬ 
spheres of the forebi-ain are wc'll developed and extend backwards 
covering parts of the optic lobe and of the cer(*bellnm. The great¬ 
est diameter of the hemis])here is 3b mm. and the greatest diam¬ 
eter of tin* olfactory Indb is h mm., giving a ratio of 4 to 1 or 
25 per cent. This jilaces the enui among those birds that have 
large olfactory bn lbs (the (fimifoianc's, Caindmnlgiformes, I^i'occd- 
lariiformes, Podiee])idiformes, and A])terygif()]*niesF In a list 
of 47 ditferent speci(*s of birds, ari-anged accoi*ding to the rc'lative 
size of th(‘ olfactoi-y bn lb, the lai*g(*st at the top, the kiwi would 
conn* first and the emu seventh (Fobl), 1960). Tlie anterior end 
of the hypei-striatuni accessoi-inm (sagittal eh'vation or Wnlst ) 
is close to the olfactory bull), a])d the posterior einl shades off into 
the n(‘osti‘iatum before reaching the occipital poh* of tin* lion- 
is])ln*i’e. Thus the emu has a lai'ge AVulst that reacln's well back 
towai’ds the occipital pole (Figs. 1 and 2) and well foi*ward to a 
])oint close to tlie olfactory Inilb. 

A compai-ison of the ext(*rnal configuration of the brain of tin* 
emu with that of other l)irds shows that it n*senibh*s most sonn* 
herons and ducks. In comparing it with StingeliiFs (1958) 
photogi-a])hs, it is seen to be* strikingly similar to the brain of 
Lrobri/ch us })ii)n(fus (see his fig. 21 “Zwei'gi'eiher’’). 

Seen fi*oni below n*hg. 2(’) the cons})ii‘uous chai-actei’istics of 
the emu brain are: (1 ) the lai'ge, separat(*d olfactory bulbs, foiun- 
ing the anterior j)ole; (2) the flatness of the ventral aspects of 
the lateral parts of the two c(‘rebral lieinis])hei'es; and (3) the 
pair of big optic lobes shaped like flasks with their necks joined 
in the optic chiasm. The ('erebelluin is so narrow that it is almost 
hidden by the medulla oblongata, only the flocculi showing on 
each side. The roots of the tliii’d, seventh, eighth, ninth, and 
tenth cranial nerves show in this view. 
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The l)raiii of emu faftiu* foi-maliii fixation) Aviuj^rhed 27.7 

^■i*aiiis; liis body Avas d4 kjz*. Tlu* bi-ain of emu #104 

wei^'lied 2o.l o-i-ams (also after formalin fixation) ; body Aveij^lit 
41 kg'. Tliis ;j;-ives a I’atio of l)i-ain wei^'lit to ])ody weiji’lit in emu 
#85 of 1/1227 and in (unu #104 a I'atio of 1/1245. Little sig- 
nifieane(‘, iiowevei*, slioidd be given to these I’atios l)eeause it is 
known tliat a living (uiiu may vary 40 to 40 p(*r eent in weiglit 
during a y('ar due to eonditious of food, (dimate and water su])ply. 
The first bi*ain was se]^arated into 8 pieees, for weighing, as 
follows : 


Olfaetoi-y bull) (right) 
Olfaetory bulb (l(‘ft ) 
Cerebral luunisphere (right) 
Cerebral hemispliere (left ) 
Optic lob(‘ (idgiit) 

()i)tic lobe (left) 

Cerebellum 

Braiiist(un 


(injured) 
0.12 grams 
8.85 grams 

8.8 grams 
7.4 grams 
7.3 grams 
4.G grams 

3.9 grams 


The brainstem (defined by Port maun, 1940, and named 
‘ CStammr(‘st ’ / is the basal mass of nerve tissue made U]) of 
thalamus, midbraiu (with optic lobes removed) and hindbrain 
(with cerebellum removed). Portmanu’s })urpose was to (dioose 
as his common denominator that ])ai’t of the brain whi(di varies 
least in its size relative to the size of the whole bird. That part is 
obviously the brainstem. He then coui|)ares its siz(‘ to otluu* ])ai'ts 
of the brain and, by dividing the weight or volunu' of the stem 
into the coi'esponding value for another part, he obtains his index. 
This ‘‘index of cerebralizatioiC’ he finds for an (*mu to b(‘ 4.18, 
obtained by dividing the weight of tin* Stammrc'st ’' into tlie 
combined weight of the two hemis})heres. In oui* emu #85 this 
index is 17.6/4.9 = 4.5. According to Poidmann’s list the figures 
4.18 and 4.5 both i)lace the emu far bidoAv parrots and i-avens, 
l)ut above loons, grebcvs, and quail. He believes that this quotient 
gives an expression of the “hnad of iut(‘gration ’' of the brain 
for each sj)ecies. 


The Pineal P>()DY 


fii the diss(‘Ction of (uuu #104, a larg(‘ ])art of the i)Ost-central 
area of the calvarium was left intact and carefully lifted off the 
brain. The pineal stalk was thus torn away at its attachment to 
the di(Uicephalon. It is 10 mm. in length and i-emaimMl attached 
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to tli(‘ pilloa] body ( 4). TIk^ body itsidf is embedded in the 

dura and lies in a depression of the eranial roof between the an- 
t(‘rior and postinaor fossae. The doi-sal ])osition of tlie epiphysis 
is thus elearly dcmionstrated : it li(‘s l)(*tw(‘en eer(‘l)riim and eere- 
belluiii at the level of their dorsal surfae(‘s. The stalk leaves the 
brain at a ])oint just rostral to where forebi-ain joins inidl)rain. 
The juiK^al body is round and firm, slightly tiatteiKHl dorso- 
ventrally. It is yellowish in contrast to the white skull. The 
fibrous env(dop(* is continuous with dui-a which has strong bands 
spreading- laterally and antei-iorly. Removed fi*om the mem¬ 
branes, the })ineal body is roughly triangular, 7 mm. long on eaeh 
side. With stalk attached, it weighs 0.1 gm. after formalin fix¬ 
ation. 


1)1S(T'BSK)X 

The description of tin* gross anatomy of the brain of the emu 
brings up five i)oints for discussion: 1) the size of the brain, 
2) the (piestion of primitiveness, 3) the general shape of the 
brain in relation to the base of the skull, 4) the size and ]K)sition 
of the Wulst, and 5) the topogi-aphie relations of the pineal body. 

The size of the brain in relation to body size and intelligence 
lias been the subject of much study and many pronouneements. 
S>nffice it to say hei-e that in our opinion the relation of brain 
weight to body weight (so called cephalization) is a ratio too 
simple to give information of much significance. Portmann’s 
(11)52) pioneer work in describing an index of encejihalization 
is an advance in the right dii*ection. Pody weiglit in birds is too 
grossly variable to he used in ('onpiarison to tln^ much more stabl(‘ 
))rain weight. Small birds may show rapid and marked change 
in weight. There is good evidence that some birds may lose from 
30 to 50 per cent of their body weight in 24 houi-s during a mi¬ 
gratory flight (Odum et al., 1001; Helms and Drury^ 1060). The 
emu, being flightless, lives in a faii-ly uniform environment and 
does not go through the jirolonged exertion of migratory flights. 
Its ratio of brain weight to body weight might, therefore, be 
relatively stable. Actually, in T)yo)ua(us novaehoUandiae this 
ratio is appi-oximately 1/1230 (see p. 5). Fi*om the weights given 
by Oi‘ile and Quiring (1040) we deduce that the ratio for an 
ostrich (Stnithio ca})felus )})assaicns) is 1/2020; for a sjmrrow 
( f^dssrr doinrsficus) it is 1/23 ; and for a hummingbird (AniacUia 
tzavatl) it is 1/24. This does not mean that the hnmniingbird 
has a ^‘better” brain than the emu. It merely iiidicates that the 
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body controlled by the brain of the liiiinming'bird is just as eoin- 
|d(^\ as the body of th(‘ eimu tlioii.uli niueh smaller. The ({uestion 
as to which brain is “bettcn', ” oi* more highly evolved, is mean¬ 
ingless unless one asks, “lletter for what ?” Obviously^, the hum¬ 
mingbird's brain is lietter for tiight and the emirs better for 
I'uuning. 

Anothei- factor relativ(‘ to bi'ciin size must be considered. It lias 
been pointed out by Shod (1956 ) that small brains are in general 
moi’c closely packed with nerv<‘ cell bodies than large brains 
which have more glial structures between neurons. ]\lan has 10.5 
nerve cell bodies per cubic micron ; a mouse has 142.5. 

In short, the need is to learn what jiarts of the brain, control¬ 
ling what organs, are larger or smaller in each family of birds. 
With more investigation into the (piantitative anatomy of the 
lirain, some of these (piestioiis may be answered. Fritz (1949) 
has estimated the volume of four parts of the striatum in four 
dilferent s])ecies of birds; he found significant differences, but no 
correlation with Portmann’s cerebral index. 

]\Iany authors have spoken of the emu, and in fact all ratite 
birds, as primitive, but their concept of primitiveness is not clear. 
Some seem to call these birds j)rimitivt‘ IxH'ause they are flightless 
and have no keel on the stei*num (Leach, 1923), others because 
they have a straight type of skull base (Streckschadel) (IMari- 
nelli, 1928, p. 156). Stiiigelin (1958) considers those bii’ds, with 
a small Wulst which lies neither fai* forward nor far back, to be 
the less (‘volved type. The point would seem to be that one must 
not ajiply the term primitive in a general way to the emu (or 
lirobably any otlier bird). One should specify in what respect a 
given tyjie oi* family is less evolved (‘dirimitivt^") and in what 
respect it is moi-e evolved (specializ(Hl). Even then, the gaps in 
our phylogenetic knowledge do not allow ns to say whether the 
ratite sternum is due to a devolution from carinate ancestors or 
an evolution from cursorial re|)tiles. The pi'esence of feathers 
and the aviau type of brain suggest strongly a descent fi’om 
dying ancestors. In i-espect to lainning and adaptation to life in 
o])en plains oin^ feids confident in saying that the emu is highly 
evolved. 

]\Iueh woi*k has been done on the development of the avian 
skull. Pertinent to an understanding of the slia])e of the emu’s 
brain are thi’ee recent lines of investigation. Duym (1951) 
described the bending of the base of the skull in diffei-ent birds 
and specified four typ(\s — the stretched oi- extended type of 
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skull and three (l(‘gi‘ees of Dulhniieijer (lOBO) has re¬ 

lated the sliape and size of the prin('i])al i)arts of the brain to the 
amount of bending’ of the e(‘rebral axis and has deseribed four 
(‘lasses on this basis: 1) stretc'lied skulls with litth^ Ixmdin^’, 2) 
bending' of 20 d(‘^-i‘ees, 2) bending' of about 70 degi-ees, 4) bending 
of alxmt 120 degrees. Star(‘k (105o) has shown the gi'eat im- 
portaiK-e of tin* size of the vyv and oi’bit in d(‘t(*rmining tlie shap(‘ 
of the brain and skull. 

in the emu on(‘ finds a ratluu* (‘xtended ty])e of skull and a very 
lai'ge eye and orbit. ()ui‘ measurements show that there is an 
angle of about 27 degrees between cerebral axis and bill axis, 
and a bending of tin* cei*ebi‘al axis of al)out 12, degina^s. Thus the 
(miu falls into class ‘‘1^’ in Dullemeijer’s grouping. AVe agre(‘ 
with him in (mipliasizing tliat ‘‘the t)osition and shap(‘ of the 
brain |)ai‘ts is influenced by the position of the bill and the jmsi- 
tioii and size of the eye.’’ The development of the bill in birds 
has bee)i }‘emarkably vaiaabh*, and with these sj)ecial (hn^elo])- 
ments come valuations in the bones of the skiill and in the con¬ 
formation of th(‘ brain. 

As mentioned on jiage 4, the general shape of the brain of the 
emu i'(»sembl(\s that of Lvohvijchus l)ut shape in its(*lf is not very 
significant phylogenetically or j^hysiohjgically in comparing 
birds' bi'aiiis. One feature, however, may be of interest : the size 
and jiosition of the "Wulst, because this ganglion is conspicuous 
on the surfac'c of the cerebral hemisphere and because its size in 
relation to that of tin* hemispluo'e ajjpears to vary, rnfortiinately, 
however, tlnu-e ar(‘ not enough quantitative data (‘onc(‘rning the 
size of th(‘ Wulst in various types of ])irds to make any statements 
about its significance. 

In th(‘ latei-al and doi'.sal views of the (miu’s brain th(‘ Wulst 
is cons])icuons (Figs. 1 and 2). Its anterior end is almost in 
contact with the olfa(‘toi‘y bulb. The posteiuor end reaches back 
to within 4 mm. of the occipital pole of the henns])hei'e. This 
rounded ridge is long and lies parallel to the interheniispheric 
fissure — hence, the name used by L. Edingiu* (4 al. (1202) 
‘‘8agittalwnlst,translated as ^‘sagittal elevation” by Portmann 
and Stingelin (19B1). Its position in the emu is like that in the 
jiigeon, a bii*d whose brain resembl('‘s StingidiiPs (1958) “Gimnd- 
typus.” Put the Wulst of the emu in rtdation to tlie rest of the 
hemisphere is both longer and broader than that of the ]hgeon. 

Stingelin emphasiz{\s the importance of the ])osition of the 
Wulst. In his chaptei* entitled ‘^Comparison and (wtent of stri¬ 
atal fields” tlnu-e is a (‘Omparative des(‘ription of tln^ striatal 
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ill 18 spi^eies, with c-h^ar dia^Tams of (‘acli. He believes 
that in tlie “highly evolved" (‘Hioelievohitiert," p. »J8) sp(*eies 
there is a tendeney to marked frontal enlargement of tlie liem- 
isjihere. This is aehieved in two ways. In devcdojniiental line A 
th(^ frontal pole is larg(*ly Wnlst, the rostral end of whieh is in 
eontaet with tin* olfaetory bnlb. In d(‘velopmental line 1> the 
frontal pole is made from the neosti’iatnm and ventral hyjier- 
striatnm, the AVnlst having reeeded to a position on the vei'tex 
by successive caudal shifts. From these observations Stingelin 
deduces a morphologieal rank (“ Formwert'in relation to the 
basic type f^‘Grnndtypns”). In d(‘velopmental line A, crows and 
owls are considered the more highly developed groups; in line B, 
the higher ones are snipe, spoonbill (Plaidha) and parrot, with 
a ])lover considered as “lower” and tln^ la])wing as “middle." 
This rank order seems to be entii-ely based on cerebral anatomy, 
lieference is made neither to fossils nor to oth^n* characteristics 
such as brain axis or anatomy of sknll. 

As descriptions of the different relationshi])s of one ganglion 
of the brain to another, the figures and ex])Osition of Stingelin 
have great value, but taken as indicating evolutionary levels they 
may be misleading. Until one knows the lines of descent from 
reptilian and avian ancestoi-s, descrijitions of sin‘h “Entwick- 
lungsgeriehtnngen” and levels of evolution with “holier" and 
*Hiiederer Formwert ” are not justified becaust^ evolution is the 
process of phylogenetic transformation, a phenomenon that can¬ 
not be observed except in conseentive phases of an ancestral line. 

The ^'llorizontalmodifikationen” (Stingelin’s fig. 22) are cer¬ 
tainly of interest as showing differences between the bi-ains of 
living families of birds, but these modifications are not a basis 
for conclusions concerning evolutionary ancestry. In sliort, we 
doubt if any living bird has a conformation of the brain that we 
are justified in calling primitive. The data for making sneh a 
judgment are inadecpiate. On the other hand, research into the 
relative size of various ])arts of the brain, such as Fritz (1949) 
has done in Portmann’s laboratory, may give ns impoi'tant leads 
as to the degree of cerebral develoinneiits. Such invt'stigations 
would be es})ecially useful if eorrelat(*d Avitli behavior. 

We wish to emphasize the possibility of drawing erroneous con¬ 
clusions when tlie anatomy of living forms is used as evidence 
for describing an evolutionary process, disregarding the evidimce 
from fossils. We welcome the op])ortunity to point to one feature 
of the emu brain as a grajihic argument against a iieisistent, but 
erroneous theory. This feature is the ])osition of the ]nneal body. 
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so obvious vlieii oii(‘ looks at the doi'sal siirfaee of the brain. The 
theory is that abs(ni('e in birds and inainiiials of a seeond epi- 
thalaniie aj)pendage in the pineal area, tlie ‘'parietal (‘ve” of 
reptiles, is due to enlai-gement of I'eia^biaini and cei'ebellnin in the 
two deseendant elasses. That eonee])t supj)Oses that the eovering 
ovei‘ of the diem*(*phaloii and n]es(‘n('(‘|)halon by the eei’ebruni and 
eerebelluin in Aves and ]\Iainnialia obstrueted tlie aeeess of epi- 
thalamie a])penda«’es to the bi'ain surface. This process is be¬ 
lieved to have caused devolution and loss of the ])redoininantly 
sensory, stalked, second oi’gan in tlie pin(*al complex whicli sur¬ 
vives only in lizaials and the tuatara, the parietal eye, 

Aetually. among’ bii*ds, a pineal organ reaching to the level of 
the cei-ebral and cerebellar vaults, attached to the skull roof, is 
not an exeeptional oceurrence. This is found in our Droinarns 
and has been pi’eviously repoi’ted in brains of other ratites 
{Stnithio, Rhea, Apteryx) and, as a button-shaped convexity, on 
the endocranial cast of the extinct Diuornis (Starck, Ihor)). The 
difference betw(M*n these recmitly and carefully ]n*epai'ed speci¬ 
mens and those figured in th(‘ literature is not a real differenee, 
but a matter of pi’eparation. 

Kiienzi’s (1918) diagrammatic figures of the brains of 86 dif¬ 
ferent kinds of birds give the imjiression that no bird posse.sses an 
externally visible pineal organ, as do almost all maei'oscopic fig¬ 
ures of avian bi*ains in the literature, iiK'luding Strong’s (1911) 
figures which show Dronuieus. Kiienzi, however, mentions in 
several plaees (pp. ‘28, 52, 89) that the pineal body is too firmly 
embedded in the meninges to be removed with the brain : he re¬ 
ports (pp. 70-71) that the pineal body in all birds studied occu¬ 
pies a median space lad ween the posteiaor boialers of the hemi¬ 
spheres and the front end of the cei’(‘bellum, its distal end reacli- 
ing apju'oximately to their dorsal level. Oui* observations on 
Buho^ Corvus, Galius^ Calumha, and Larus agree with those of 
Kiienzi; all have pineal bodies extending into the dura. A recent 
study on ten embryonic and three later developmental ])hases of 
Laras (Wetzig, 1961) also clearly t(‘stifi(‘s against the theory of 
mechanical sui)|)i‘ession in birds of th(‘ second (tln^ stalk<‘d ) organ 
in the pineal complex of i*eiffiles. The epi])hysis extends to tin* 
h‘vel of the ])rospeetive skull roof in an early transitoiw phase, 
and again in tlie last ])hases of embryogeny. Tt is then, and re¬ 
mains in the adult, fittinl into the si)a(‘e between eei*ebruni and 
cerebellum. It is club sha])ed, its apex coalesced with the dura in 
contact with the roof of the skull. 
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Thus, tliere is more s})aee availabl(‘ tlian Avas assumed. Tlie 
('lub slia])e (witli tlie lai’^e^st cireumtereuee distal ) siigo-ests that 
the form is g’overned by the space availal)le. While w(‘ are M’ell 
aware that the sliape of a ])redomiiiaiit!y ^‘laiululai* or^’aii (Stam- 
iiKu*, has uo o'l'eat sig'iiifieaiiee, w(‘ do wish to draw att(*ii- 

tiou to the sliajx^ of the epi])liysis of th(‘ (uiiu. When, as in oni* 
emus, tli(^ distal expansion is a])rn])t, its eoniKM'tion witli tin* 
('orpus dieneei)luili a mere stalk (Fi*^’. 4). tin* avian piin*al body 
strikingly resembles not tin* i-eptilian pineal organ, M’hieh is moi-(* 
or less sessile, but the reptilian parapineal vesicle with its nei-voiis 
and vascular stalk — that is, the pai*ietal eye. Krabbe (Ihbl) 
()bsei‘V(*d this siinilaihty in an einbiwo (Uf(fniis. ^lany spe(*i(*s of 
birds siniilai'ly demonstrate that thei’e is no obstruction to tin* 
develojmient of a i)arietal eye. 

Tlie i*eason for the absence of a imrietal sense* organ in birds 
is obviously not mechanical suppression; it is to be* found in tin* 
fossil record, namely in ]n*e-avian phylogeny. The ])i*(*sence of a 
parietal eye is re*flected in a ee)rres])onding foramen of the roof 
of the skull. Tlie fejssil record of skulls plainly sliows that the 
e)rgan was first pre*sent and then lost in innnnn*rable ])hyletie 
lines within the classes Pisces, Amphibia, and Reptilia. Bii’ds are 
an offshoot of the g]-(*at i^eptilian subclass Arehe)sauria. Among 
the many hundi'eds of known skulls f]‘e)m its vai*ie)us orders, only 
two have the parie*tal foramen. Significantly, botli the* specimens 
showing that heritage from Palaeozoic ancestoi's belong to tlie 
earliest forms ielentifiable as arehosaurian, each rei)re*senting the 
be*ginning of a snborde*r of tin* oreler Thecodontia, ‘‘stem are'ho- 
saiirs” (MesorJiiiius: Jaeke*l, 1910, and Eri/fJirosncJnis: Hnene. 
1911). These openings in tin* parietal bones of Archosauria oc- 
cun-ed for the last time at tin* beginning of tin* ^l(*sozoic era in 
the earliest Triassie* times. It follows tliat parietal ey(*s were* 
lost, not within tin* evolution of birds, ])nt in remote reptilian 
ancestors some SO million yeai*s hefori* tin* first, lat(* Jurassic, 
appearance of f(*atliei’ed animals, and ])resnmbaly nioix* than 
100 million years b(*foi‘e the modern tyjn* of avian brain was 
(‘volved. 

In the ^Mammalia, likewise, both recent and fossil conditions 
jdainly conti*adict the assumption that possession of a jmrietal 
iihotoreeeptoi- became impossible Ijecause of pi*og]‘essive bi‘ain 
evolution. In various groups of mammals now living, mueh oi* all 
of the midl)rain is dorsally exposed in a gap between cerebrum 
and eer(*bellnm. Actually, it has long b(*en known that in some 
i)ats, lagomoridis, and rod(*nts the ])ineal gland extends into the 
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ihiVci mater at tlu* eamlal (aid of tlie iiit(‘rli(*misplierie fissure, and 
this eondition has now l)(‘(m found prc'valent in studies of a lar<i'(‘ 
inat(*rial from a great number of genei^a fPilhu’i, lOtiU). Tlie 
usual absenee of a ])im^al organ in speeiimms of the i‘abl)it brain 
is th(‘ i-(‘sult of its liaving beam torn off witli tin* tentoiaiim duiang 
j)i‘epai*ation. Furtlnuanore. (mdoeranial easts show tliat in most 
early Tertiai-y ma]nmals thei'i* was a eonsiderabh* gaj) betwemi 
cerebrum and eerebellnm. The ])ari(‘tal foiaimen was obliterat(Hl, 
i.e. the i)arietal eye had Ixhui lost in a |)r(*-mammalian phase of 
evolution, in this ease*, in mammal-like Kept ilia shortly before 
the emei’genc(‘ of tlie new class. 

sr:M:\rAKY 

A des(‘ri])tion of the gross anatomy of the brain of Drowacus 
novddioUandiar is presented on the basis of two specimens from 
AVestern Austi*alia. The bi*ain is of the extended ty])e. The 
olfactory Imllis and sagittal eh^vations of the forebrain, and the 
optic lobes of the midbrain are comiiaratively large. Tin* index 
of eneejihalization is 4 . 5 . The brains weighed 27.7 and 25.1 
gi'ams, respectively. The pineal body ii(*s in a shallow fossa in the 
roof of the skull and weighed 0.1 gi*am. It is pointed out in 
discussion that there is no good reason for considering this bi*ain 
to be ])rimitive, and that phylogemdic relationships cannot jus¬ 
tifiably be deduced from the anatomy of the brains of living birds. 
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1I>. I’liototi^rapli, life size, of dorsal view of same dissection. 
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Figure 2. Three views of the braiii of tlie einn (Ih'omapus iiovaelioUan- 
diae) #104. Life size. F, forebrain lieniisphere, U, liinrll)raiii, M, mid- 
brain, showing optie lobe (T) and optic chiasm (D, V, vallecula, TF, Wulst 
or h.vperstriatum accessorium. 


FIG 2^ DORSAL 


FIG 2^ LATERAL 


FIG 2^ VENTRAL 
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FIG 3 


FIG 4^^ 


FIG 4® 



Figure •>. Section throiigli the nasal ehaml)ers cut in frontal vertical 
showing the olfactory (or posterior) eliainber (P) into which protrudes the 
olfactory concha {€) covered with yellow olfactory epithelium. Below is 
seen part of the middle nasal chamber (d/). The two chambers are diWded 
by the septum. They connect anteriorly with the anterior chamber and the 
external nostril. Life size. 

Figure 4A. Photograph, life size, of pineal l)ody {PB) lying in shallow 
cavity of the calvarium, posteroanterior view. The stalk (*9) protrudes 
downward. 

Figure 4B. Ventral view, looking upwards at under surface of calvarium. 
The stalk {S) is bent backwards. 









